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[0 0 0 9] 

*^Bj(3D@wB. ^mm*^<&!^^ti. j^m^^m^mt^i i im^im^mi^m^^ 

[0 0 10] 

(1) Mm±izm^(Di I im^im^m»m'S:^r^i i 

T, SigtSSf^^lg*^->U3>H-:^OA l,Ga,..N (O^x^l) 
[0011] 

(2) miM(Di^^)zi ymmnfii X 1 0'^ - 1 X 1 o"iI?-/cm»-e&sc:t$#Mt 

■r-5±IS (1) JgfclBiJ©! I I fis^-fbtlf^^^?. 

[0 0 12] ^ 

(3) gm±tc^t^oi I im^itm^mi^m^m-t^^^m^mi^m^iz^^^x. mm 

t^t-^miM*^A 1-,G a,.,N (O^x^l) *^S:^0, 1 )i t-€-©±<^^ 2 )i t 

S I I I ]^^^bt)¥^#^^. 
[0 0 13] 

(4) ^l)iW1i:i^i^ll5&«^^tfc^jaT&5-t*4#mfrS±«B (1) ~ (3) m<D 

\,^imit)^-'m\z$m<o 1 1 i m^im^mi^m'?. 

[0 0 14] 

(5) tt^lSSOitiI»U 0-1 0 0 nmTS^2:t*#liS[i:-rs±IB (4) ^icismo I 

I I i^^<k«i)*^#:^^ . 
[0 0 15] 

(6) ^lJi0j?^5(-36^2 0 nm~2 0 0 nmTfe5ilt^#i!ti:1"S±BS (1) ~ (5) 

1SlC^UT>'"Jn>l<-:;^0A l,Ga,.,N (O^x^l) 75^ SSd^^ffifS ^1 1 ^ 
[0 0 17] 

(8) M'>'Jii>F-:^©A l,Ga,.,N (O^x^l) ;&^&J5:§P«^!K^^5&«m^b 
fc:^jt-efe^il<i:Sri|t®fct'rs±IB (7) 3®fcBa«© I I I :^^<b!fe|i|^^#fS^^^. 

[0 0 18] 

(9) S'lS^®{C'>Urj>^-&W-r-g> I I I]K^M0M^«r^t?li«Jt^^f-&'5^-X 
[0 0 19] 

So 

[0 0 2 0] 
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immziil^rmmr^ I i i M^^b«ii¥^{*^^«. s«±f'^ic®i i immitm 

[0 0 2 3] 
[0 0 2 4] 

m 1 » 2 <D±lC^:S$-&^cT > K-T'G a N#^^7&^ 5 2 H 3 ^1 

[0 0 2 5] 

©s^ig^®, misi w±® A)&^ ic>mimii^2 mto^mB^^x-o^mm^^om 
^f^B<oM^htvxMm-r^ mi^^nm2mm) . ^$ho>i£M<itbT«. 

amo^mm^z^^^^xBrn^ 0 o o o o^-ei o cmizM-oxmrnvtc^mnxm^x^ 

[0 0 2 7] 

:^mmm\t. % \m(om.wm.x%'m.\% i o nmis4±^ i p®)^^® 9 9 x^x^a^n 

Sb<, 1 0 nmJSt±lll)i®MJP® 9 0%^T-C3&5tM{Ci(f^UV>d^:=&^tlil^fc. 

j?j5:jg^{C3icS. ;i®g;^lS<SM*n OnmckO/jN^SVit, ^S^^®^K145&«*£*^oT 
US-Sfc*, B!c:g^J«?®^,t?ttil^b<:/S:t^. Mfcfe^ 0 :*:€r#^ M®®^®^3t 

tt4 0 nml^TT&S. 
[0 0 2 8] 

^^icii#^-r^-i:{C^O. ^®ig^. ^K«®::&^3?'^*^M"Ut)'grS!cbfJ:^^> 7>i5^A&fiK 

bVi. Sfc. fe^OlSf ^StjgS®fi£:^S^tL'Tf^fflb3^<yS:S®-r, lOOnmR 
T3&«Sf*bVi. $e.lc:|f^b<«2 0-6 0 nmT&O, b < tt 2 0 - 4 0 n m 

[0 0 2 9] 

*fgW#ttSlPl-->U3>$H-:/'rst-?-®^®®S:^c®<£^*^l 0 nmeA±lC« 
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mxi 0'«~1 XI 0"lg^/cm'T-feD, #lZ$f^b<»lXl 0"=~5X1 0" 
S4/cm'X'&S. 1X1 0''MT/cm'mT-e«H-y©^m75^M-e«^<)feO. 
1 X l O"'®^/cm»Ut±T«tti^ci!gS*«it'^^''J^<'5:»3., $f*U<7iVi. 

^l^l)mLiSS3^j:/^9^-^'^S^. ^l)itB.2li:©^®«IHita*^feO, ^1 

^■rs MJ¥tUTtt2 0 nm6i±ife§2:t*«»^l-l'^. <U4 0 nmU± 

-essi 2 0 ninJ:0?iV^^:BlP^®®l^®M^?i«-rs;ii:*^a^T?&«o 

mUAT<0)^)¥-e * J: Vi. 

mis^i:i::^ft^-<*«»^2B£ti^® I I I mmm¥^mi^m\t. s&otr^^mim 

o 

[0 0 3 2] 

z:tL5.©i I I M^{b«^*^#l(^>?^^^>&^^*''^f-Pfi^^^'^^ MOCVD i^m^m 

it^n.m^^m < hvpe (/\^ ^^.m^^m) :^^xsmbe (^^^xtf3'=*^ 

[0 0 3 3] ^ 
MOCVDST'tt. "JT^XtUTTK^ (Hj) (Nj) ^SffiV^S. ^Itl 

[0 0 3 4 1 

III m^mmmthr\i. ^^jv-^v^l, (TMCa) , h'jx5^;i/:^u a (te 
Ga) , h'j>^^;P7;i/5.x^;A (tma 1 ) . h u x5^;1'7;1'5xC7A (thai) , 

hU^^^^Jl/^r >i?>?A (TMIn) , hUx5^;k-f i'i?':?^ (TE I n) ^©^^^M^ 

^mmm(D^^wA(D^o \z vxhz>. 

L 0 0 3 6 1 ' 
^^2gtLTtt7>^X7 (NH,) ^fctttH7-:^> (N^H,) ^ ^£ ffl S C 
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[0 0 3 7] o • 

:yfm^mmmmn\tnm\'~/'^>htLx=Ey^ ->5> (s i h,) . w-^^^cs i 

) ^rzity)\^^> (GeH^) m^m^^^^ta^'C'^. pSi K-/^> hi:bTt7.'>^ P 

(CpjMg) ^fcttf7.x5^;i/->i7a^>5'i?xz:;i/^^ 

[0 0 3 8] 

[0 0 3 9] 
[0 0 4 0] 

/I I im^mit) *^:;ujttri o o o&.yiz-r^^t-mnf^i'^^' i o o ou^±Tfe^ 
TS^o ^fc. Kmmm<D\f^mmm. ^^u^^zsmm^±y h-r^^±^^-^w\z 
mvxv^^^'immm^om^-mizi^wt^^it-fym^Li^^. :i<Drzi^\z\t&m(omit 

^ Si^X® 1^ D jyiMT^T-r ^ ;i <i: *W ^ b Vic 

::ii\z^^'> ^~^>if<Dmz\t. mtmrnmrn'^m-^nxi^^^tctb. ^ii^j^^rs 

[0 0 4 2] 

m-xmommud 50-125 o'cdwsbvi. 1 2 5 ox:&,±x\fm^x$>^ffirz 
it\z. mmmm\zi i im±mwLm.'?i^mm-^nxhr<K^nr^m\^\z;^Ki. m^m 
^r^^tamm^zu^o ^tz. 9 5 o'K:KKr'X\tmmmm\zi i im^m^m^^ftmrn 

izmmVXV^'^cOXt^^LKfSi^^^, $6tCif ^U<«1 0 0 0-1 2 0 o\:t&i9, - 

mm^\^<\ti 0 0 0-1 1 7 ot:TSO, #ic»*u<tti 040-112 o'ctss 

[0 0 4 3] 

' m-XigOia^^l 0 5 0-1 2 5 O'C^W^UV^o 1 2' 5 0 -Cfi^iTtttlX^Tli^ 

o 1 0 5 orij^TTiii I I ■m^mm^'¥-<DM.mfsi^itf)mnhx L^^^^ um-f)mmt 

fS.QB^V<U^^o ^<oiZB^V<itl 1 0 0-1 2 0 O'CT&O, #{wi(f*b<«l 1 
0 0 — 115 O'C-TJ&S. 
[0 0 4 4] . 
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[0 0 4 5] 

+f-7 7'l'7m^a (A 1,03; A®, cm. M®, RW) , 
■ (MgAl,04) , ZnO^^^, L i A 1 O^^M^. L iGaO^^iS^, MgO¥«S 
i,;5:t*©m'fbt)¥i^S> Si^^a. S i C#ig^, GaAs^^a. A 1 N#^^, G 

izm^-^n^i^^f)^. 7 ^7mm^mmr^m^\tm^v<\t cm ( (oood ®) 
x'$>^tx\^^o $fcS«^®ositffi;^i^>{i«'y-7 7^7SiR®<o 0 0 i>:^m^^^^ 

immm] 

[0 0 4 6] 
CO 0 4 7] 

'TTSIS-efeO, 2|£^^Mtt^^O®>&S:&lS]lc^£S$i3-fco ;i®»1g±lCS i € 5 X 1 
O'^H^/cm' H-::^bfeA lo..,Gao.,2N35^e.fj:SBlS2<£«JiUfe. do®© 
±{C. 7>H-7'©G aN¥M^J^3*5J:aCS i 1 x l 0 "M?/ c m» H-.::^^-^^: 
tTn^tbfcG aNWa)l4^Il;*:«llbfc. S i H-^G a N#^ffil©±l-f*G 
a, 98 I no o:Ng5<£if>UT, ^t^H 6 ^ffiH bfco G ao. 98 I Ho. 02N® 5 ttS i K 
-:)'GaN)i4*^6.0D^a:XPiSCDe8l?£l»<fc26lC, S i aNM 4 t^ytm & <D 

[0 0 4 8] 

^7tH6«, y > H — :/G aN)l7&>e)3^C^I^MJi^» G aN t I nN/5^e.7iSG ap.92 
GaNmi^^7 5 nm, ^Wmo^G a I nNJi;&^ 2 5 ^t>iiX 1 0 0 nmtfj: 

^. set, 7 5 nm(omm.m(o^^m^(Dnrm<o±\zmsvrzo 

[0 0 4 9] 

^©±f::. Mg=£3xi o"ll^/cm^*5ckt;C6Xi o'^m^/ cm'^Mn^-^ 
LfepMOAlo iGao gNW? tG aNiiS S^Hbfc. 9KM-C=&0Au, Ti, 

[0 0 5 0] 

Lfeo sm®-fe>>h©st, Sf&^§§o^^£is«e), sc^^#gF^^C7K^:^^;^* 5^^ra{ct)^c 
RF zi^}\.^m^^xmmv. ^-rmmze o ov^xe^ti^i-fx^m. eoor 

[0 0 5 1 ] 
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lO^Bi^m^ 6^^)?)HtT6 0 O-C^ft^e 1 0 4 0'C^-e#iabfc. 1 0 4 CCt^IjiUfc 
Bt'^.TTMAl, TMG a*5<fcD^S i H4^&Sf&^Sgl^«'«^tT, S i i)^ I'-Z^^ntc 

Phhtc. ±imm^m^\^rj:f,i^. i o 4 o-c*^?, 1 1 2 o^*^^^^:,!!^ ot^tc: 
1 2 o'CTr©«lf^^^a*tf-.5^*i:i'feo ^-xigwi^^tti 0 4 o-cd^e 1 1 2 o-c^ 

-CO^WMiS^Ul 1 2 0'CT-O^JtB#FHl^^to-&^cl O^T'fe^o ^lOrel^S i 

(D#^ii^«=£, TUG a tTUA \ <Dm^mmi;:i^\^xiS:^m.^X'(Dm&itf)^=^}\^itX'. s 
i/ (Ga+Ai) =1 ti^tsi^fc^^L. mu±\zM-^n^^im^\zs nfi 

[0 0 5 2] 

1 05J-^IC, TMA 1 , TMGa*J;i;CS i H,<Dm^^W±hX. UMl 1 2 O'C^ 
[0 0 5 3] 

A^ttTl 1 2 CCTi^e* 1 0 4 0"CK|^®bfc. 7>^:-T®#^*S»*l 5 'Jy hJl/ 

1 2 U hJW/^t-lSgMbfc. 
[0 0 5 4] 

(5r;^p_yGaNP3 45J:t/^S i 1*-^ G a N Jl 4 OJ^^) 

do^, 0 4 ox:\zf£^x\^^^::t^mm\^x. tmg a ^^fS^SIi^fc^^ 

b, MIB^lP©-tt-7>H-:^GaNB®S!gg^Pai&bfc. TM G a #^^^««G a 
0^&mmii^2. 0 ti/^tfSi^^'^izmmhtz. T>H-:/GaN)g<^>^:l*lll#raff 
fe^fcm, S i H4 0D/l;l':/^BIttTS i H-:/G aN)l<7>^S^Fjfi$&bfc. S iH,0^ 

iii&j^^tt^ji'itT'S i /Ga = i 0-* t:fs:^^^izmmvrc, s i F«-yGaNJi®^s 

SlP#rp1fT?5^ofc^, TMGa i H4©A*;i.y&fflUT^$&$<?±b. S i H-:/G 

■r'<T^m;yxi^^Hb. sm^ 1 0 4 or^^e. 7 5 S-CSTT^^^^tTT^f^^c. ei©Fs1 
\Z. G a I nNB 5 ©^ST^ffif-STM I n, T E G a 0#^^S<£i^^bfe, ^fc, S 
i H4©#feS&*S, ^^I'Jt-eS i/Ga=l 0-«fc^SJ;-5»r^lSbfc, - 

[0 0 5 5] 

I^J*«7>F-:^G aNP:te<J;O^S i H-:/G aNJl^-n-?-'n2. 0 ;x m-r'-&th4 . 0 
pimX^-Dtc, Sfc, S i H-yGaNB®S i H-:/att 1 X 1 0 '"H^^/ c m'TfS 

[0 0 5 6] 

(Gao.M I n„.o:N)15©J^fig) 
7^}-iiiji^, a^;&t7 5 5"CT'^^bTViSC:t*?l^bfc^. TEG a. TMIn, 

^^xss iu^<D;'^)v:/^mvfx. Rm^fi^n\zj^^^nu^^> g ao.sj i n„.02NJi© 
^m^^mt^htco :^^v7:a7.itt-<x^m:ff7.^mm^^rc^mjz^^> so^mmm 

, TEGa, TM I n*5<ky^S i H4<0A'JU:^$iSUT, G ao. js I no. NP(©fi£:g?£ 
<$ihbfc. mP«2 5nmT&D, S i H-:7^S« 3 x 1 0 "li^/ c m' Ti&o fc. 
[0 0 5 7] 

^^l:^wTEG aooA'jPii^swttT, 7>\^-zfG aNmf>^^fs.^Bmm^^^tr^, 

7 



2003-425240 

^LGa, 9, I no ..Nmii^ ^r^^^pM^M-r ^LT. G ao.sz I n,,,,Nm<0 

ICl^HS ^ ^ fc. 

[0 0 5 8] 
(Mg F — T'A 1 0 1 G ao sNii 7 ©J^fiK) 

$7 5 S'C^O^e. 1 0 2 Ot:^T4^*HtT#iab;rc. ;i(Dr^\ZTUC a. TUAli^^U 

c p J M g o ^7. 7 □ - □ > h p - 9 -® iiMic J; 0 -?-n-6n® «^»&s©«s^ sfT^ o 
, c:i-et*^:5^!a*KT'®^:;i'Jt75«A 1 /G a = o. 2 t-^cts J;-5 icts^ufc. cp,Mg 

l::OViTtt^;Ht/&«Mg/Ga = 0. 2 5 %t;^CSJ;^iw^^UfCo M*n 0 2 0*CT' 
-^l-fj:0^^bfci^,*il?TMG a, TM A 1 *3 J:Z^G p g ©A*Jl':7'€:M#, Mg* 
h--::^Sii-fcA 1 GaNB<D^:l*Pi&L/fc, 1 ^J-^«J# Ufc^, TMGa, 

TMA 1 :fect?>'CP2MgOA*;W>^i£IBUT^fi=£^?lhbfc. MIPSl 0 nmT&ofc. 
Sfe, Mg H — ::^»«3 X 1 0".M?^/cin*lr&-pfc. 

[0 0 5 9] 
(M g H — :/G a 8 ©Jg^) 

:^\z. TUGatCp,Ug(D-^7.ya-:3>hn-^-0mm\z^<O^Mti<Dm^ 
m.(Om^^iSZ.fS:'prc. ;i^X\ti37.m.0^\ZiSl^XUe/Ga = O. 5%hf3i^^-0\zm 
mVfCo mmmz^l^itr^^XZ^^WLtc. ^©^TMGa tC PjMgOAJW::^^: 
mnx. m^ifiO. l wmcDMgSe X l CS^/cm' H-:/UfeGaNli?&^«S 

[0 0 6 0] 

0 2 o'C7&^5.^jasT"2 o^j-75^WTi^iaLfc. ^umt^*^^^^'^ 7:»:^<DM\tmmii ■ 
XI 0 o^tb, yye^ro^mmitug k-^g a NS^fti^© i/ 1 o ofc^TE 
T^-ur^c, m.mii^3 0 ox:tt3.^rzm.^x7>=E=^7(Dm^^i^±\^ft, ;i<Dm.^x\tR 
}^.m^niz\t^m:fi:^o?f-m.mvrz. ^mzt^ ^ rcm^x^j^/\-=^iz^'^ \z-^ o tb b^c 
, ry3L/\-mm\t±m\zis^^xm.mx&^rz, uis. Mg h-^g aNHisstt^bwfcje) 

10 0 6 11 ^ „^ 

:io':7XA-i ic*3ViT, mim<DmTt^m'i'm^m\z^y)^ms 0 o o o ofgTii^ 

ilomitmitfiS 0-5 0nmtc5^^-rstt4feiS^*^m^l-fc^i^^®'^'^^-^^^^^'-' 
[0 0 6 2] 

iiBJwiBiS^nTvss^MT^^fig^^tifc^/xA- 1 ^ffli/^T, I I immm^^mi^m 
^m^^sKr<^^m\z^*)^dvrzo ^(Dmm^mx^<^siiE>nrz^)^jifyy-<-miz^ 

0, Mg F-7'GaN)B^®lC^;&^e.?i?.^3tttm®*J^«£l-^ ^(D±\zm\Z^i^ 

T^lg-rs. ^Iw, S i H-^GaNM©^:^*t=H7-f x^j/g^^^'fe^JSb, S i H- 
:fGaN)iO-BI5SrMffi^-&3t, ^ UT CI ©SB^J-t-I® tx «y JU, 7J1/5X^7A. $'^> 

^^zs^^mm'^'&xMm^m^i^rz. 

[0 0 6 31 ^ ^ 

iB^±©«fc^{'iE@^J:ix^s^j^fi!cbfc':7XA-tt*3i^T, m^izta^x^^^-^y 7 -i 
7(omm=^m^<om^\ztL:bt^xmw\h. ^ ibiz^om^mmvxMumm^mmiiXyrz 

, ^:©C7XA-*, E®i:^«l*Uoi"0#*tlS 3 5 0 AiinBa:S©5^y:^t«I»fbfc. 
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[0 0 6 4] 

dOD^T^^^tciJi/^T, iEmtM.monnmmizm:^[^^^'&'^^-^^^t^tz.^. 20m 

A<Dmm\Zii^^X. M;&lR]«m«3. ZWhtS-^tz. £fc^?fe&fiJ*4 6 0 nm> ^^ffi 
[0 0 6 5] 

{\tmm) _ ■„^^ 

. ±w.mmmt±<mmzLxm^^'f''S:i^nvtco 

[0 0 6 6] 

mm^Mx&o. m4\tms^Wi^itvrcmx^^o "tom^. c®m«i|s*<3 0-5 0 

[0 0 6 7 3 

^i©^5t3g^i-*viT> iEmt.M.m<Dmmmm\zm:&\^n,m^ysi^^i^tctz.^. 2.0m 

A0Dm?5itt':feViT> mi;5r|6]«Ett3. ZYtti-^tCo Sfcfl5tiS:S«4 6 0 nm, fl^ffi 
[0 0 6 8] ^ 

^^m^u?>xsiz'&mm^y'/'^-f 7.mizmm-r^t^^'M.\z^^o^m\>>y'/'^'i 7,^mmir^ 

[0069]' 

mi] mmm\zii»^i i immitm^mi^m^m'?'(Dmmm'^mmmw^Mx$>^ 
m2] mi ^W:^^iz^t>vrcmx&^o 

ms] itmmiz^n^i i imMitm^miif^m^m=¥'<D^mn^mwm^Mx;^^ 
■m4] m3 ^m^&i!^z^t>vrcmx$>^. 
m^omm] 

[0 0 7 0] 

1 -^U 
2 —IB in 

4-S i H-y''G aNM 
5 — G a I n NM 

7 - Mg l<-:/A 1 G aN^ 

8 - Mg K-:/G aNM 
9 -lE^ 

1 0-^i^ 
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